associated with sepsis. Even after filtering the infected perfusate, the net effect would be to increase the loss of glutamine from skeletal muscle because of the reduced influx and elevated efflux. The net effect of the lipopolysaccharide and bacteria would appear to be to reduce influx of amino acids but to stimulate the efflux from the muscle. Inhibition of net amino acid uptake was also demonstrated for the A-System substrate, a-aminoisobutyric acid, by Karlstad & Sayeed (1985) . If this is a general response it will lead to a net loss of amino acid (negative nitrogen balance) from skeletal muscle. The effect of lipopolysaccharide on 2DG transport appears to be of a similar nature, that is of a reduction in unidirectional uptake. This is difficult to reconcile with the observed increase in net glucose uptake found by Raymond et al. (1980) , unless there were other non-controlled hormonal changes in their preparation.
In conclusion the presence of either lipopolysaccharide or live bacteria can cause acute alterations in the transport characteristics of amino acid and glucose that, to some extent, may help account for some of the observed metabolic alterations in sepsis.
Amino acid (AA) transport in liver is effected by several discrete systems with overlapping specificities. The kinetic characteristics of these systems in isolated hepatocytes are well documented (Kilberg, 1982) , although the components of AA exchanges between whole liver and blood have been little studied (Pardridge, 1977) . Liver AA transporters, with the exception of System A which normally has low activity in intact liver (Pardridge & Jefferson, 1975) , are insensitive to hormonal stimulation. Nevertheless, under circumstances where portal delivery changes, e.g. after a meal (Yamamoto et al., 1974) , there are rapid alterations in net liver AA exchanges which we believe may be related directly to the kinetic properties of AA transporters.
We have investigated AA transport by the liver sinusoidal membrane of 12-h-starved female Wistar rats weighing 150-200 g. Unidirectional AA transport was measured by application of the paired-tracer isotope dilution technique (Yudlievich & Mann, 1982) . Livers of nembutalanaesthetized rats (60 mg/kg intraperitoneally) were perfused in situ without recirculation via the hepatic portal vein (HPV) with Krebs-Henseleit buffer (pH 7.4) containing I % bovine serum albumin and 12% rejuvenated red blood cells at 1.2 f 0.1 ml/min per g of liver ( Q ) . A mixture of 'H-labelled AA and ''C-labelled sucrose (extracellular marker) in the proportion of 5 : 1 in d.p.m. was injected into the portal inflow and the hepatic venous (HV) tracer-dilution profiles were compared with one another to yield the maximum unidirectional fractional extraction (UFE) of tracer amino acid. Unidirectional transport ( J ) was cal-
Hepatic portal AA exchanges in vivo were measured in fasted rats and also in those refed; this was achieved using a fluid bolus containing 26% (w/v) protein (whole egg/ bovine serum albumin mixture), equivalent to 0.5g of protein/ 100 g body weight, administered by a paediatric Abbreviations used: AA. amino acid; HPV, hepatic portal vein; HV, hepatic vein; UFE, unidirectional fractional extraction; NFE, net fractional extraction. (Blanchet & Lebrec, 1982) .
Within 0.5 h post-feed the arterial and hepatic portal concentrations of alanine, glutamine, glutamic acid, leucine, lysine and phenylalanine rose significantly (a four to fivefold concentration increase in the case of the essential amino acids leucine and phenylanine) to new plateaux which were maintained for at least 1.5 h. Portal concentration was higher than arterial concentration for all AA except glutamine post-feed and hepatic AA balance was positive, although a neutral or negative liver balance prevailed for all AA except alanine in the fasted state (Table I) . Hepatic portal blood flow in vivo was 1.28 0.09 ml/min per g and did not differ significantly between fed and fasted animals. Fractional hepatic extractions in vivo and in perfusions can therefore be compared directly as the portal flow rates are equal to one another. UFE of alanine, glutamine, glutamic acid, leucine, lysine and phenylalanine were not significantly depressed from tracer values when the perfusate contained a mixture of AA either at normal postabsorptive plasma concentrations (pmol/ml plasma: aspartic acid 0.04, threonine 0.27, serine 0.24, asparagine 0.06, glutamine 0.67, proline 0.19, glutamic acid 0.08, glycine 0.41, alanine 0.47, valine 0.17, methianine 0.05, isoleucine 0.09, leucine 0.16, tyrosine 0.08, phenylalanine 0.05, lysine 0.42, histidine 0.07) or at five times these concentrations for glutamic acid, leucine, lysine and phenyalanine.
The transporters of glutamine and alanine were studied in more detail and Michaelis-Menten kinetic characteristics (i.e. Vmax., maximal transport capacity; K,, [AA] for halfmaximal transport) were obtained for saturable flux. L-Glutamine transport was composite: ( I ) a saturable, stereospecific, Na + -dependent component, resembling [AAIHPV ( System N of isolated hepatocytes (Kilberg et al., 1980) , contributed 60-80% of influx at physiological [glutamine] and had a V, , , of 4.2 f 0.7 pmol glutamine/min per g liver and a K,,, of 3.8 f 0 . 5 m~, histidine and asparagine also appears to be substrates for this transporter system (Rennie & Taylor, 1986) ; (2) a second component showed little evidence of saturation at [glutamine] up to 150mM and had a rate constant of 0.33/min. L-Alanine was transported by a stereospecific system having a V,,, of 3.9 & 0.5pmol alanine/min per g and a K , of 4.0 f 1.6 mM. The paradigm System A substrate methylaminoisobutyric acid has a UFE of less than 0.02 at tracer concentration in our preparation, so we ascribe alanine transport to System ASC provisionally. Net hepatic exchange of alanine, glutamine, glutamic acid, leucine, phenylalanine and lysine in vivo showed a strong direct correlation with portal concentration ( r values in the range 0.71-0.84, n = 28 in all cases) irrespective of fed/ fasted status. A negative liver glutamine balance was evident in perfused as well as in preparations in vivo at HPV [glutamine] below 0.61 mM. Glutamine efflux (i.e. influx-net flux) increased at a markedly slower rate than influx at perfusate [glutamine] of up to IOmM. Hepatic alanine balance was positive in fed and fasted rats in vivo and there were no significant differences between UFE and NFE. The concentrations of other AA apparent for neutral liver balance in vivo were (mM): glutamic acid 0.23, leucine 0.16, phenylalanine 0.07, lysine 0.58.
For all AA studied UFE is independent of portal AA composition within the range measured in vivo where saturation and competition effects appear to be negligible, i.e. physiological hepatic portal transport depends linearly on HPV [AA] . Net extraction of alanine, an important substrate for hepatic gluconeogenesis, is limited by transporter capacity in fed and fasted rats, but for the other AA net hepatic exchange is dependent on hepatic portal delivery. For these AA hepatic balance becomes positive as portal delivery increases after feeding due apparently, at least in the case of glutamine, to a proportional increase in influx relative to efflux across the sinusoidal membrane. I t has generally been assumed that amino acid transporters in muscle have the same identity as those characterized using model systems such as the isolated hepatocyte and the Ehrlich ascites cells (Oxender & Christensen, 1963; Christensen et al., 1967) . These assumptions are based upon the observations that paradigm substrates of the classical amino acid transport systems such as aminoisobutyrate (AIB) or its methylated derivative are taken up by isolated muscle preparations (Kipnis & Parrish, 1965) . There is, however, little reliable information regarding the specific characteristics of transports for individual amino acids in whole tissues. We have attempted to obtain reliable kinetic data for amino acid transport, as a way of characterizing the transporters Abbreviations used: AIB, aminoisobutyrate; BCAA, branched-chain amino acids. in skeletal muscle, by applying the paired-tracer isotope dilution technique to the perfused rat hindlimb (Rennie et al., 1983) . The method allows the measurement of the rates of unidirectional inward transport of amino acids taken as measures of carrier activity. We have investigated possible modes of regulation by substrate availability, ionic, nervous and hormonal stimuli. We have assumed that the transporter molecules in skeletal muscle are symmetrical in their basic mode of operation.
In perfused mixed skeletal muscle glutamine appears to be transported by a system that resembles the N System of liver and for which the only other apparent substrate is asparagine. The transporter has a maximal capacity ( V,;,, ) of 1020 & 250 nmol/min per g and half-maximal transport occurs at 7.1 f 1 . 5 m~ (K,,,) . Transport obeys MichaelisMenten-like kinetics and is stereospecific, the carrier being unable to transport D-glutamine. The muscle glutamine transporter is N a + -dependent with a stoichiometry of cotransport of 1 Na+ : 1 glutamine (Hundal et al., 1986) . The cation activates the transport across the muscle membrane without increasing the 'affinity' of the carrier for its sub-
